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THE LOCAL ULCERATING ACTION OF ADRENALIN
WARD McFARLAND
Vasoconstriction is one of the chief actions of adrenalin. The
presence of minute quantities of it in the blood results in constriction
of certain arterioles, especially those of the intestinal tract and those
of the skin. A similar effect is produced at the site of injection into
the tissues. This local effect is so intense as to interfere with the
absorption of the drug itself or of admixed substances. Necrosis of
tissue has never been ascribed to local action of the drug.
Penner and Bernheim' reported the occurrence of intestinal
ulcerations in animals receiving adrenalin intraperitoneally, and they
postulated that these lesions were the result of the systemic action of
the drug. The ulcerations were thought to be analogous to those
observed by them in man after prolonged periods of shock. Both
were considered to be the result of vasoconstrictor phenomena with
consequent ischemia of the tissues.
The experiments to be reported here were designed to employ
the method ofPenner and Bernheim for anotherpurpose. Itbecame
apparent that, at least in the rabbit, the effect of the adrenalin was
purely local and not to be ascribed to a systemic action after absorp-
tion. The intestinal lesions could not be produced by any method
other than bringing the drug directly into contact with the wall of
the bowel. Injections of adrenalin were made also into sites other
than the intestine, such as the skin, wall of the stomach, buccal
mucosa, or conjunctiva. It seemed that ulcers resulted only where
bacteria had ready access to the region of vasospasm.
Materials
Most of the observations were carried out on rabbits. These animals had
been used for the Friedman pregnancy test at periods varying from a few
days to several weeks earlier. A few cats and guinea-pigs were also used.
The adrenalin, prepared by Sharp and Dohme, came in a concentration
1:1,000 in a solution containing sodium chloride, chloretone, and sodium
bisulphite. For each local injection a control was made with the suspending
solution. All of the solutions were kept in sterile rubber-stoppered vials.
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Observations
Effect of adrenalin intraperitoneally. Adrenalin was injected
into rabbits intraperitoneally according to the scheme of dosage
indicated in Table 1.
TABLE I
ADRENALIN INTRAPERITONEALLY
Rabbit Weight Days of No. of Totd adrenlin
No. (in kg.) exper. injections (in mg.) Result
1 1.5 6 17 20.4 Killed. 4 ulcers in
cecum
3 1.1 4 9 10.0 Killed. 2 ulcers in
terminal ileum; 2
ulcers in cecum
4 1.4 9 24 32.5 Died. I perforat-
ing ulcer of cecum
All three animals developed lesions similar to those described
by Penner and Bernheim. The lesions were irregularly distributed
and of variable size, but were limited to the cecum and terminal
ileum, and consisted of well-circumscribed defects in the mucosa.
Their floors were often covered with a friable opaque membrane.
The bases of these ulcers were granular, and on the serosal aspect,
at the time of necropsy, there was an erythematous and hemorrhagic
zone. In one instance there was an accumulation of friable gray
material on the serosal surface of the cecum which glued this to an
adjacent loop of small intestine. Microscopically there is necrosis
of all layers with infiltration of fibrin and leukocytes.
Effect of adrenalin intravenously and subcutaneously. Penner
and Bernheim implied that the action of the adrenalin was a systemic
one after absorption. In order to test this assumption adrenalin was
introduced, at sites remote from the actual wall of the intestine, by
massive intravenous or subcutaneous injections. Data relative to
these experiments are included in Tables 2 and 3.
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TABLE 2
ADRENALIN INTRAVENOUSLY
Rabbit Weight Day of Totaldose Adrenalin in
No. (inkg.) exper. (inmg.) mg./kg./ min. Result
2 1.5 1 0.5 in 3 hrs. 0.0018 Killed on 4th
2 0.9 in 3 hrs. 0.0033 day. No in-
3 1.5 in 3 hrs. 0.0055 testinal lesions
5 1.5 1 1.Oin2hrs. 0.0055 Killedon4th
2 1.8 in3hrs. 0.0066 day. No in-
3 2.0 in 2.5 hrs. 0.0090 testinal lesions
18 1.4 1 1.4 in 1 hr. 0.0166 Killed on 4th
2 2.8 in 2 hrs. 0.0166 day. No in-
3 2.8 in 2 hrs. 0.0166 testinal lesions
TABLE 3
ADRENALIN SUBCUTANEOUSLY
No. of Dose per
Rabbit Weight hourly injection
No. (in kg.) Day doses (in mg.) Result
6 1.5 1 6 0.9 Killed on 6th day.
3 8 0.9 No acute ulcers.
5 13 0.9 (See text)
7 1.4 1 5 0.9 Killed oni 6th day.
3 7 0.9 No intestinal lesions
5 10 0.9
15 1.4 1 6 1.0 Killed on 5th day.
2 8 1.0 No intestinal lesions
3 10 1.0
4 14 1.0
16 1.6 1 6 1.2 Killed on 5th day.
2 8 1.2 No intestinal lesions
3 10 1.2
4 14 1.2
The adrenalin was given intravenously at a constant rate by
means of a Murphy drip bulb. The guide to dosage was the obser-
vation ofTrendelenburge that the maximum hypertensive effect was
produced when the drug was introduced at the rate of 0.002YALE JOURNAL OF BIOLOGY AND MEDICINE
mg./kg./minute. The animals were maintained in a supine position
during the period of injection. No lesions in the gastro-intestinal
tract were observed in any of these animals, but at necropsy numer-
ous petechiae were found beneath the pleura and epicardium.
In administering the adrenalin subcutaneously a different site was
chosen for each injection. The injections were given at hourly
intervals. With a rate of administration of 0.01 mg./minute for
each kg. of body weight it was thought that eventually the rate of
absorption would exceed that accepted as producing a maximal
hypertensive response. In one animal, rabbit No. 6, which was
killed on the sixth day after the first subcutaneous dose of adrenalin,
a chronic ulcer was found in the stomach. Grossly this was visible
as a slightly rough, gray-red, poorly circumscribed elevation of the
mucosa. Histologically the lesion has a base of mature granulation
tissue infiltrated with mononuclear cells. It was concluded that
this lesion was unrelated to the experiment. None of the three
other animals exhibited gastric or intestinal ulcerations.
Effect of adrenalin injected locally beneath the serosa of the
large intestine, stomach, and parietal peritoneum. Since intestinal
lesions could not be produced by these methods of eliciting a gen-
eralized response to adrenalin, it was thought desirable to attempt
to produce as sharply localized an effect upon the bowel as possible.
To this end the adrenalin solution, in doses of 0.2 mg., was injected
subserosally with a No. 27 hypodermic needle. For each injection
a control injection was made beneath the serosa of an adjacent haus-
trum, as shown in Table 4. With two exceptions, lesions resulted.
In the two exceptions a bleb was not formed and it is possible that
the adrenalin was placed in the lumen of the bowel. At the time of
necropsy there was no visible effect from the control injections. The
lesions produced by the adrenalin were remarkably constant in size
and in appearance. At the end of two days there was an ulcer
measuring approximately 1 cm. in diameter. The borders of the
ulcer were sharply defined from the surrounding mucosa. The base
of the ulcer was covered with a dark brown, opaque, friable mem-
brane firmly attached and raised above the surrounding surface of
the intestine (Fig. 1). The serosal surface was red over an area
approximately 1.5 cm. in diameter. Frequently a few shreds of
fibrin adhered to this surface. Histologically, in the acute stage, the
mucosa and muscularis are seen to be necrotic and heavily infiltrated
with polymorphonuclear leukocytes. The serosal surface is covered
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TABLE 4
ADRENALIN SUBSEROSALLY
Dose of Age of
Rabbit adrenalin lesion
No. Site (in mg.) (in days) Result*
8 Cecum No. 1 0.2 2 Acute ulcer
No. 2 0.2 2 Acute ulcer
9 Cecum No. 1 0.2 2 Acute ulcer
No. 2 0.2 2 Acute ulcer
10 Cecum No. 1 0.2 2 Acute ulcer
No. 2 0.2 2 No lesion. (See text)
20 Cecum No. 1 0.2 6 Healing ulcer
No. 2 0.2 6 Healing ulcer
No. 3 0.2 6 Healing ulcer
No. 4 0.2 6 Healing ulcer
No. 5 0.2 6 No lesion. (See text)
12 Cecum No. 1 0.2 15 Healed ulcer
No. 2 0.2 15 Healed ulcer
No. 3 0.2 15 Healed ulcer
No. 4 0.2 15 Healed ulcer
No. 5 0.2 15 Healed ulcer
* Control injections all negative.
with fibrin and the subserosal vessels are dilated and filled with
blood (Fig. 2). By the sixth day there is evidence of healing in the
beginning proliferation of fibroblasts, endothelial cells of the capil-
laries, and of intestinal epithelium at the margins of the lesion
(Fig. 3). By the fifteenth day the lesion is almost completely
healed, as is apparent in Fig. 4. The muscularis has been replaced
bydense fibrous connective tissuecontaining manylarge mononuclear
phagocytes filled with debris. The epithelium has completely
regenerated to form a somewhat simplified mucosa.
When similar injections were made into the subserosal tissues of
the stomach and parietal peritoneum of three animals no lesions
resulted. This suggests that infection may have played a role in
the pathogenesis of the ulcerations.
Efect of adrenalin injected intracutaneously, insto the buccal
mucous membranes, and into the conjunctiva. Further evidence
that infection may play a rOle is afforded by the observation that
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TABLE 5
ADRENALIN INTRACUTANEOUSLY AND INTRAMUCOSALLY
Dose of Age of
Rabbit adrenlin lesion
No. Site (in mg.) (in days) Result*
8 Skin No. 1 0.2 8 Healing ulcer
No. 2 0.2 6 Healing ulcer
No. 3 0.2 4 Healing ulcer
No. 4 0.2 2 Necrosis
No. 5 0.2 1 Necrosis
12 Skin No. 1 0.2 8 Healing ulcer
No. 2 0.2 6 Healing ulcer
No. 3 0.2 4 Healing ulcer
No. 4 0.2 2 Necrosis
No. 5 0.2 1 Necrosis
(The lesions were re-
markably similar to
those in Rabbit No. 8)
9 Skin No. 1 0.2 2 Necrosis
12 Buccal mucous 0.2 2 Ulcer
membrane 0.2 6 Ulcer
0.2 2 Ulcer
* Control injections all negative.
adrenalin will produce ulcers when injected intracutaneously or into
the buccal mucosa, but not when it is introduced into the connective
tissues of the conjunctiva.
When placed intracutaneously a wheal was formed with blanch-
ing of the skin. Within a few hours the wheal had disappeared and
an opaque gray zone remained which was surrounded by a zone of
erythema (Fig. 5). The erythema became more marked for a few
days and a necrotic slough formed in the center. When this was
removed a defect in the epidermis became apparent. In rabbits this
healed in from 14 to 21 days, leaving a small white scar. During
the first few days there is seen, microscopically, necrosis of the super-
ficial layers with congestion, edema, and leukocytic infiltration in the
deeper and surrounding tissues (Fig. 6). The sharpness of demarca-
tion of the lesions is striking. Gradually the necrotic tissue separates
and the defect is repaired with granulation tissue and proliferating
epithelium (Fig. 7). At the margins of the lesions rete pegs
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become broad and penetrate deeply into the underlying connective
tissue.
In guinea-pigs the ulcers progressed rapidly and by the seventh
day they usually had become deep and were infected. They meas-
ured up to 2 x 4 cm. in diameter. The ulcers healed only after
three to four weeks leaving a large white scar. Cultures of the skin
lesions showed a predominance of B. coli and staphylococci.
A similar tissue response was observed in rabbits when the
adrenalin was introduced into the mucous membrane of the mouth.
(See Table 5.)
In the conjunctiva, however, no necrotizing response occurred in
three administrations. After a temporary period of blanching the
membrane became congested. The congestion then gradually dis-
appeared leaving no trace.
Summary and discussion
Intestinal ulcerations were produced by the use of adrenalin, as
observed by Penner and Bernheim. In every instance it was neces-
sary to bringthe adrenalin solution directlyintocontact with the wall
of the bowel and it was not found possible under the conditions of
the experiment in the rabbit to produce the ulcers by injecting the
drug, even in massive doses, at sites remote from the bowel.
Locally, however, the injection of adrenalin was followed by ulcera-
tion when the drug was introduced into the subserosal tissue of the
large intestine, intracutaneously, or into the mucous membrane of
the mouth.
The fact that no ulcers followed similar injections beneath the
serosa of the stomach, parietal peritoneum, or in the subconjunctival
connective tissues suggests that infection may play an important role
in the pathogenesis of the ulcers. It is well known that the stomach
and conjunctiva are relatively free of bacteria as compared with the
other sites where ulcers may be produced.
The constant size and the sharply circumscribed nature of the
ulcers of the intestine, made so easily in this way, offer a possible
technic for the study of ulcerative colitis.
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Bedingungen. Ergebn. d. Physiol., 1923, 21, 500-57.FIG. 1. Rabbit No. 8. Close-up of typical sharply circumscribed lesion in large intestine two
days after subserosal injection of adrenalin.
FIG. 2. Rabbit No. 9. Margin of ulcer, second day. Note bulging mass of necrotic material
and exudate occupying crater. X 135.
FIG. 3. Rabbit No. 20. Sixth day. Similar lesion. X 11.
FIG. 4. Rabbit No. 12. Fifteenth day. Muscularis has beeni replaced by scar tissue. Epi-
thelium has regenerated inl simplified pattern.FIG. 5. Rabbit No. 8. Lesions produced by adrenalin intracutaneously. Lesion No. 1, eight
days old; lesion No. 5, one day old; other lesions of intermediate age (See Table V). Control
injections to left of midline with no visible effect.
FIG. 6. Rabbit No. 8. Lesion No. 5, one day. Necrosis of epithelium and subepithelial tissues,
edema and infiltration of polymorphonuclear leukocytes. Slough of necrotic epithelium. X 230.
FIG. 7. Rabbit No. 8. Lesion No. 2, sixth day. Healing lesion. X 175.